INTRODUCTION
============

Ankaferd blood stopper (ABS) is a unique medicinal plant extract mixture, which has been historically used as a hemostatic agent in Turkish folk medicine \[[@ref1],[@ref2]\]. ABS is comprised of a standardized mixture of the plants Thymus vulgaris, Glycyrrhiza glabra, Vitis vinifera, Alpinia officinarum, and Urtica dioica. Following numerous preclinical experiments \[[@ref2],[@ref3],[@ref4],[@ref5],[@ref6],[@ref7]\] and a clinical phase I study \[8\], ABS was approved for use in Turkey as a medicinal product for the management of external hemorrhage, the post-dental surgery period, and bleeding refractory to conventional anti-hemorrhagic agents \[[@ref9],[@ref10],[@ref11],[@ref12],[@ref13],[@ref14],[@ref15],[@ref16]\].

The basic mechanism of action of ABS is formation of an encapsulated protein network that provides focal attachment points for very rapid (\<1 s) vital erythrocyte aggregation---known as the hemostatic ABS-web \[[@ref1],[@ref17]\]. ABS-induced protein network formation with blood cells---particularly erythrocytes---covers the primary and secondary hemostatic system without disturbing individual coagulation factors \[[@ref1],[@ref5],[@ref7],[@ref17]\]. ABS also has antiinfection and anti-neoplastic effects \[[@ref18],[@ref19],[@ref20]\]. The distinct important molecular components of the ABS-induced hemostatic network involve vascular endothelium, proteins, and blood cells \[[@ref17],[@ref21],[@ref22],[@ref23],[@ref24]\]. Endothelial protein C receptor (EPCR) plays a role in numerous hemostatic, vascular, and immunological actions \[[@ref25],[@ref26],[@ref27],[@ref28],[@ref29],[@ref30],[@ref31],[@ref32],[@ref33]\]. Likewise, plasminogen activator inhibitor type-1 (PAI-1) is a very important biological mediator of fibrinolysis, infection, neoplasia, obesity, and wound healing \[[@ref34],[@ref35],[@ref36]\].

The aim of the present study was to examine the intracellular effects of ABS on EPCR and PAI-1 expression in human umbilical vein endothelial cells (HUVECs), as these molecules may be novel administrators at the center of ABS-induced pleiotropic effects. Lipopolysaccharides (LPSs) are large molecules that act as endotoxins and elicit strong immune responses within the vascular system \[[@ref37]\]. LPS challenge is the process of exposing a biological environment to an LPS that may behave as a toxin in order to observe immunological and hemostatic responses. Hence, the present study aimed to investigate the effects of ABS--- with and without LPS challenge---on HUVECs, based on changes in EPCR and PAI-1 expression.

MATERIALS AND METHODS
=====================

ABS (10 μL and 100 μL) was administered to HUVECs (75 cm^2^ and \~75% fullness) for 5 min, 25 min, 50 min, 6 h, and 24 h. Nuclei were isolated from HUVECs, and the level of expression of EPCR and PAI^-1^ was determined using a Roche LightCycler 1.5 (Basel, Switzerland). Fluorescence- marked primers were used to analyze EPCR and PAI^-1^ expression. Water with a pH of 2 (likely to be similar to the pH of ABS) was used as a control. In addition, to observe the effects of LPS challenge on HUVECs and those of ABS on HUVECs 10 μg mL^--1^ of LPS (Sigma, Germany) was administered for 1 h to the test platform. Then, the cells were exposed to ABS for 5 min, 25 min, 50 min, and 6 h, so as to measure ABS-induced changes in EPCR and PAI^-1^ expression in relation to LPS. All experiments were repeated at least 2 times. Statistical analysis was based on two-way ANOVA with Bonferroni post test using Graph- Pad Prism v.5.0 (GraphPad Software, San Diego California, USA, http://www.graphpad.com).

RESULTS
=======

Cells were microscopically observed to arise from the plastic surface and adhere to each other in response to ABS administration to HUVECs. Additionally, after 24 h the cells had normal growth and physiology, which suggests that the adhesive cellular effects of ABS might be reversible. PAI^-1^ and EPCR expression was negatively affected by 24 h of exposure to 100 µL of ABS ([Figures 1](#f1){ref-type="fig"} and [2](#f2){ref-type="fig"}), but not by exposure to 10 µL of ABS. These findings indicate that the dose-dependent effects of ABS rely on PAI^-1^ and EPCR gene expression.

When LPS only was administered to HUVECs, EPCR and PAI^-1^ expression was higher than in HUVECs not exposed to LPS (data not shown). When LPS, and 10 µL and 100 µL of ABS were administered, the level of PAI^-1^ expression was stable and similar to that in the control after 6 h ([Figure 3](#f3){ref-type="fig"}), whereas EPCR expression was very low during the first h of exposure, but increased after 6 h([Figure 4](#f4){ref-type="fig"}).

DISCUSSION
==========

ABS exhibited dual diverse dynamic reversible effects on EPCR and PAI^-1^ expression in HUVECs. The observed immediate increase in the level of expression of pro-hemostatic PAI^-1^ and down-regulation of anti-coagulant EPCR following exposure to ABS are compatible with previous reports of ABS's sudden anti-hemorrhagic effect \[[@ref3],[@ref4],[@ref5],[@ref6],[@ref7]\] and clinical backgrounds \[[@ref8],[@ref9],[@ref10],[@ref13],[@ref14],[@ref15],[@ref20]\]. The topical hemostatic efficacy of ABS has been previously tested in animals with normal \[4,6\] and dysfunctional hemostasis \[[@ref5],[@ref7]\]. Experimental studies have led to the preclinical stage of this hemostatic product's development. Short-term oral systemic administration of ABS in rabbits was reported to be hematologically and biochemically safe, as acute mucosal toxicity, hematotoxicity, hepatotoxicity, nephrotoxicity, and biochemical toxicity were not observed during the short-term follow-up \[[@ref3]\]. Those preclinical results reflect a starting point to search any possible systemic confounding effect of ABS when applied to internal topical surfaces.

The use of ABS as a hemostatic agent for treating external hemorrhages and for dental treatment in humans is thie first indication the ABS is safe and efficacious in humans \[[@ref8]\]. A phase I double-blind, randomized crossover placebo-controlled clinical study with a 5-d washout period between cross-over periods that included healthy volunteers reported that ABS was safe. Physiological cellbased coagulation was clinically obtained in response to topical ABS administered for the prevention and treatment of bleeding associated with many distinct clinicopathological states \[[@ref8],[@ref9],[@ref10],[@ref13],[@ref14],[@ref15],[@ref20]\]. The ABS-induced hemostatic network consists of distinct important molecular components. Vital erythroid aggregation occurs in the spectrin, ankyrin, and actin proteins in red blood cell membranes. Essential erythroid proteins (ankyrin recurrent and FYVE bundle containing protein 1, spectrin alpha, actin-depolymerization factor, actin-depolymerizing factor, LIM bundle and actin-binding subunit 1 isoform a, LIM bundle and actin-binding subunit 1 isoform b, NADP-dependent malic enzyme, NADH dehydrogenase \[ubiquinone\] 1 alpha subcomplex, mitochondrial NADP \[+\]-dependent malic enzyme 3, ribulose bisphosphate carboxylase large chain, and maturase K) and the required ATP bioenergy (ATP synthase, ATP synthase beta subunit, ATP synthase alpha subunit, ATP-binding protein C12, TP synthase H+ transporter protein, ADF, and alpha^-1^,2-glycosyltransferase ALG10-A) are included in the ABS protein library. ABS also upregulates the GATA/ FOG transcription system, affecting erythroid functions and urotensin II \[[@ref21],[@ref23],[@ref24]\].

The initial vascular dynamic response to ABS is vasoconstriction, whereas the late response is vasodilatation \[[@ref22]\]. The clinical control of critical bleeding states associated with deficiencies of either primary or secondary hemostasis has been previously examined \[[@ref13], [@ref38]\]. Patients with bleeding diathesis that could not be controlled with standard anti-hemorrhagic methods were successfully treated with topical ABS \[[@ref9],[@ref13],[@ref16],[@ref38]\]. The present study's results provide additional evidence that ABS might also affect vascular anticoagulant (namely EPCR) and antifibrinolytic (namely PAI^-1^) pathways in a balanced way to regulate hemostasis, even in individuals with clotting defects.

In addition to its hemostatic activity, ABS might also inhibit the growth of bacteria \[[@ref19]\]. The anti-infection activity of ABS may bolster its current clinical use, as it inhibits the growth of bacteria in the region in which it is applied primarily for its hemostatic activity, such as infected wounds. The antimicrobial activity of ABS was tested against many pathogens, including A. baumannii, E. coli, K. pneumonia, P. aeruginosa, Enterobacter spp., Stenotrophomonas maltophilia, methicillin-resistant coagulase-negative Staphylococcus, vancomycin-susceptible Enterococcus, and VRE. ABS was reported to exhibit antibacterial activity against several gram-positive and gramnegative food and human pathogens \[[@ref18]\]; however, the mechanism of action of ABS's anti-infection effect is currently unknown. EPCR is an important molecule involved in the regulation of biological responses to severe infection \[25,39\]. LPS-induced endotoxemia requires the enzymatic active site of EPCR and PAR^-1^ \[[@ref39]\]. In the present study ABS up-regulated the expression of EPCR and PAI^-1^ in the presence of LPS. The anti-infection effect of ABS might be related to its hemostatic effects on distinct steps of coagulation and vascular endothelium.

Preliminary observations indicated that ABS might have wound healing effects in different clinical states, such as oral infections, rectal ulcers, and neoplastic lesions \[[@ref12],[@ref14],[@ref17]\]. PAI^-1^ is involved in tissue preservation and wound repair \[[@ref34],[@ref35]\]. The overexpression of PAI^-1^ in response to ABS observed in the present study is an initial clue to set further experiments to search the importance of fibrinolysis regulators in the biological effects of ABS. PAI^-1^ is also involved in tumor responses \[[@ref39],[@ref40],[@ref41]\]. In a case series topical ABS inhibited tumor angiogenesis \[[@ref20]\], prothrombotic affect of PAI^-1^ in this respect shall also be further searched based on the observation in this study.

In conclusion, ABS exhibited dual de novo affects on EPCR and PAI^-1^ in HUVECs. HUVECs exposed to LPS challenge caused ABS-induced up-regulation of the expres-sion of EPCR and PAI^-1^, indicating that ABS might act as a topical biological response modifier. As ABS is currently being developed in basic and clinical grounds, these novel observations indicate that additional research on the pleiotropic effects of this unique hemostatic agent is warranted.
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